There have been recent concerns about a higher incidence of mortality by suicide in people with autism spectrum disorder (ASD). To our knowledge, no large cohort studies have examined which features of autism may lead to suicidal ideation and behaviour, and whether there are any potential modifiable mechanisms.
Introduction
Autism Spectrum Disorders (ASD) are developmental disorders characterised by deficits in social interaction and communication, restricted range of interests and repetitive behaviours. 1 An increase in premature mortality in this population has been recently reported, with suicide being suggested as a significant contributor. 2 However, there is a lack of population-based research on suicidal behaviour and suicidal ideation in this population. 3 Suicidal behaviour describes self-harm (with or without suicidal intent) and completed suicide, 4 whilst suicidal ideation refers to suicidal thoughts and cognitions. 3 Self-harm and suicidal behaviour are highly prevalent in young people, 5, 6 and selfharming behaviours are a strong risk factor for completed suicide. 7 The possibility of higher rates of suicidal ideation and attempts in individuals with ASD has been reported, 8, 9 however the existing research has mostly focused on either case reports 10 or crosssectional studies carried out in clinical 11, 12 and non-clinical settings. 13 The cross-sectional design, [11] [12] [13] selective nature of the samples, 11 and lack of adequate comparison group 12 increase the likelihood of selection bias and limits generalisability of these findings. There remains a lack of epidemiological research using large population-based samples whilst accounting for possible confounding factors. It is also important to distinguish between self-harm with and without suicidal intent as these, although related, are clinically distinct outcomes. 14 In addition, a growing body of research argues that the social, communication and behavioural difficulties comprising the autism spectrum may have distinct aetiologies, 15 and it is plausible that outcomes related to difficulties in individual autistic traits may also differ. To our knowledge, there have been no prospective cohort studies examining the association between autistic traits and suicidal behaviour and ideation. Furthermore, the mechanisms underlying any associations between autism/autistic traits and suicidality have not been examined. For example, depression is a strong risk factor for suicidal ideation 16 and self-harm 17 in the general population, however whether it could explain a greater risk of suicidal thoughts or behaviours in people with autism has not been studied. Quantifying this relationship is important since it may inform preventative or intervention strategies considering depression is potentially treatable. We used prospectively collected data from the Avon Longitudinal Study of Parents and Children (ALSPAC), a large birth cohort in Bristol, to address some of these gaps in the literature. Our research questions were:
1. Is an autism diagnosis and/or autistic traits associated with suicidal ideation (suicidal thoughts and plans) and suicidal behaviour (self-harm with and without suicidal intent) by age 16 years? 2. Are any of the observed associations explained by depressive symptoms in early adolescence?
Methods

Data source
The 
Measures Autism Spectrum Disorders: ASD diagnosis and autistic spectrum traits
Identification of children with diagnosed ASD in ALSPAC has been described elsewhere. [19] [20] [21] A multisource approach included a record linkage study identifying cases from (i) community paediatric records; (ii) autism as the main reason for special educational needs from school records; (iii) maternal reports at age 9 years that the child had been diagnosed with 'an autistic spectrum disorder or Asperger syndrome'; (iv) free text questionnaire responses from 6 months to 11 years;
(v) ad hoc letters from parents to the Study Director. 19 The diagnosis of ASD in ALSPAC has been previously validated by a consultant paediatrician using the International Classification of Diseases (ICD-10), 20 and we have cross validated cases ascertained from maternal reports against autistic spectrum traits. 21 Four individual measures optimally predictive of autism diagnosis in ALSPAC 22 via parental questionnaires were analysed. These included the Social and Communication Disorder Checklist (91 months), 23 a measure of repetitive behaviour (69 months), 24 the sociability subscale of the Emotionality, Activity and Sociability (38 months) temperament scale, 25 and the coherence subscale of the Children's Communication Checklist (115 months). 26 Each ASD trait was dichotomised at approximately 10% cut-off to identify the high-risk group as described elsewhere. 21 
Self-harm, suicidal thoughts and plans
Self-harm questions were based on those used in the Child and Adolescent Self-Harm in Europe Study (CASE). 5 Participants who responded positively to the question 'Have you ever hurt yourself on purpose in any way (e.g., by taking an overdose of pills or by cutting yourself?)' at 16 years were classified as having a lifetime history of self-harm. Responses to two additional questions were used to identify those who self-harmed with suicidal intent: (i) selecting the response option 'I wanted to die' in response to the question 'Do any of the following reasons help to explain why you hurt yourself on that (i.e. the most recent), occasion? or (ii) a positive response to the question 'On any of the occasions when you have hurt yourself on purpose, have you ever seriously wanted to kill yourself? These questions enabled to identify individuals who had harmed with suicidal intent at some point during their lifetime, and those who had only ever engaged in non-suicidal self-harm. Self-harm behaviours were classified according to individual's self-reported suicidal intent. 27 Lifetime history of suicidal thoughts and plans were also assessed with the following questions at 16 years: 'Have you ever thought of killing yourself, even if you would not really do it?' and 'Have you ever made plans to kill yourself?'.
Mediating variable
To examine whether depressive symptoms in early adolescence mediate the association between childhood ASD and suicidal behaviour in late adolescence we used data from the Short Mood and Feelings Questionnaire (SMFQ), a 13-item instrument used to evaluate core depressive symptomatology in children aged 8 to 18 years, 28 assessed at 12 years. The SMFQ correlates highly with more extensive depression rating scales and diagnostic tools such as the Children's Depression Inventory 29 and the Diagnostic Interview Schedule for Children. 30 
Confounding variables
Parental, socioeconomic, and family characteristics identified in previous studies as being associated with ASD and suicidal behaviour were collected prospectively from maternal questionnaires during the antenatal period. These included financial problems (occurrence of major financial problems since pregnancy versus none), highest maternal educational attainment (less than O-Level, O-Level, A-Level versus university degree), parental social class (professional/managerial versus manual) with the highest of maternal or paternal social class used; and accommodation type (detached house, semi-detached house versus flat); maternal age (in years), maternal antenatal (18 and 32 weeks' gestation) and early postnatal (8 weeks and 8 months) depression assessed using the Edinburgh Postnatal Depression Scale (EPDS) 31 , maternal antenatal anxiety (18 and 32 weeks' gestation) measured using anxiety items from the Crown-Crisp Index, a validated self-rating inventory; 32 parental suicide attempt assessed using maternal questionnaires repeated eight times from birth to 11 years (yes or no); and sexual abuse (repeated seven times from birth to eight years) and physical cruelty (repeated eight times from birth to 11 years) to children in the household by mother/partner (yes or no). Analyses were also adjusted for child's gender (male versus female) and ethnicity (white versus non-white).
Statistical analyses
Main effects
First, we compared characteristics of missing children with those who comprised the study sample and carried out descriptive analysis. In the main analysis, we used multinomial regression to examine associations with explanatory variables and a three-category self-harm outcome: no self-harm; selfharm without suicidal intent; and self-harm with suicidal intent at 16 years. We used modified Poisson regression to examine the associations between explanatory variables and suicidal thoughts and plans at 16 years as binary outcomes to derive relative risks and robust 95% confidence intervals. A modified Poisson regression approach (with a robust error variance) directly estimates relative risks and robust error estimates with binary outcomes. 33 All missing data were imputed, and all analyses were repeated using data for n=5,093 (main effects) and n=7,788 (mediation) adolescents. We imputed for missing data because ignoring those with missing data can result in bias by making the assumption that data are missing completely at random. 34 A complete description of the imputation method is presented in the eMethod in the Supplement. We tested models unadjusted and adjusted for the potential confounding factors. In accordance with ALSPAC policy to protect confidentiality, analyses wherein the number of participants was less than 5 in a given cell were censored. All analyses were conducted using Stata v.13 (StataCorp., USA).
Mediating effects
We wanted to assess the importance of depressive symptoms at age 12 years in explaining the association between autistic traits in childhood and self-harm at age 16 years. Direct (ASD to risk of self-harm) and indirect (through depressive symptoms) pathways were estimated using Structural Equation Modelling (SEM) in Mplus v.7. 35 Confirmatory Factor Analysis (CFA) was used to derive a normally distributed latent trait underlying the observed SMFQ 28 scores using ordinal response items. A latent trait approach helps account for measurement error and increases power by modelling variables as a continuous trait. 36 The approach recommended by Muthén 37 was used to estimate mediation effects within the context of possible confounding. Analyses were adjusted for a range of individual, maternal and familial confounders. Detailed description of the mediation method is presented in the Supplement.
Results
Sample derivation
Our starting sample included those with data on at least one ASD exposure (presence/absence of ASD diagnosis or data on at least one of the four dichotomised ASD traits; n=14,684). Complete outcome data on suicidal behaviour and ideation were available for 5,031 adolescents. A description of the numbers of participants available with data on suicidal behaviour and ideation, ASD exposures and confounders is shown in Figure 1 . The descriptive statistics of the sample by the presence of autism/autistic traits are presented in eTable1. Characteristics of the sample by the completeness of data availability are presented in eTable2.
Main effects
Of 5,031 adolescents with data on suicidal behaviour and ideation up to age 16 years, 601 (11.9%, 95% CI 11.0 to 12.8%) reported self-harm without suicidal intent, 347 (6.9%, 95% CI 6.2% to 7.6%) reported self-harming with suicidal intent, 797 ( Table 4 ). There was no evidence of an association between ASD diagnosis, although the numbers were very low and confidence intervals wide. None of the other autistic traits (sociability, coherence, and repetitive behaviour) appeared to be associated with the outcomes (Tables 3-4 ).
Results were comparable when using imputed data sets for the main effect of impaired social communication on the outcomes (eTables 3-4). In these imputed analyses, there was evidence for the main effect of repetitive behaviour and reduced coherence on risk of self-harm with suicidal intent (RR 1.58, 95%CI 1.00 to 2.48 and RR 1.97 95%CI 1.36 to 2.81 respectively), and suicidal plans (RR 1.63, 95%CI 1.03 to 2.58 and 1.61, 95%CI 1.08 to 2.41 respectively).
Mediation effects
Given the main effect of impaired social communication on risk of self-harm, we examined whether depressive symptoms in early adolescence mediate this association. In order to estimate the mediation model, we combined suicidal/non-suicidal self-harm into one category. First, we examined the fit of the measurement model incorporating exposure, mediator and confounders. The full model was run without using bootstrapping to enable calculation of model fit statistics. The Root Mean Square Error of Approximation (RMSEA=0.04, 95%CI 0.03 to 0.04) and the Comparative Fit Index (CFI=0.97) indicated that the measurement model fit the data well, supporting the adequacy of the model for tests of structural paths and mediation effects. Unadjusted and adjusted structural mediation models were estimated to examine the direct and indirect effect of impaired social cognition on self-harm through depressive symptoms whilst accounting for possible mediatoroutcome confounding (Figure 2 ). There was evidence of an indirect pathway from impaired social cognition to self-harm via depressive symptoms (product coefficient [β]=0.087, 95% CI 0.03 to 0.14).
There was little evidence of a direct pathway from impaired social cognition to self-harm once the indirect effect via depressive symptoms was accounted for (regression coefficient [β]=0.090, 95% CI -0.11 to 0.28). This indirect pathway via depressive symptoms accounted for 32% of the total estimated association between impaired social cognition and self-harm. Adjustment for the confounders made little difference to the parameter estimates ( Table 5 ).
The direct and indirect estimates with imputed data sets led to similar results (eTable 5). However, the sizes of the observed direct and indirect effects were greater, which may suggest that attrition led to an underestimation of the direct and indirect effect sizes in the complete case analyses. Based on the imputed analyses, a slightly higher proportion (35%) of the total association between impaired social cognition and self-harm was accounted for by the indirect path through depressive symptoms.
Discussion
To our knowledge, this is the first large population-based study to investigate the association between an autism diagnosis and traits and suicidal ideation and behaviour by late adolescence, as well as examining the mechanisms of this association. We did not find an association with diagnosed autism and the outcomes, although the estimates were imprecise due to small numbers (42 ASD cases). Impairments in social communication were associated with an increased risk of suicidal thoughts, suicidal plans and self-harm with suicidal intent, but not self-harm without suicidal intent.
Our findings suggest that social communication difficulties may play a central role in relation to suicidality and are consistent with existing case studies suggesting that social impairments and difficulties in establishing interpersonal relationships are triggers for suicidal behaviour. 10, 38 Suicidal behaviour in autistic individuals is often underreported, 39 particularly in those with impaired communicative abilities and comorbid self-injurious behaviour. 40 Our findings emphasise the potential importance of assessing whether self-injurious behaviour occurs in the context of suicidal ideation. 3 The stronger associations for social communication with suicidality outcomes as compared to the other traits of autism is concordant with the argument on the fractionation of core autistic impairments. 15 It has been argued that it is adolescents with ASD without intellectual disability who are at most risk of suicidal ideation and behaviour 41, 42 due to the increased awareness of their social difficulties and secondary depression associated with social isolation and exclusion. 11 We were not able to directly test this possibility since participants in our sample were predominantly high-functioning individuals (96.4% of individuals with autism diagnosis had IQ>70) and we did not have enough statistical power to study lower-and higher-functioning individuals separately.
Possible mechanism
We tested whether depression during early adolescence could explain the association between social communication and suicidal behaviour. Children with impaired social communication skills were at increased risk of depressive symptoms in early adolescence, which, in turn, was a strong risk factor for suicidal behaviour later in adolescence. It should be noted that although depression explained about a third of the variance of the association between childhood autistic traits and suicidal behaviour, substantial variance remained unexplained. This finding emphasises the need for identifying other potentially modifiable mechanisms in this relationship.
Strengths and limitations
The strengths of this study include the large sample, the long-term follow-up, the availability of data on several outcomes, as well as rich data on confounders, and longitudinal design that enables to examine mediating pathways. Furthermore, we were able to examine a range of autistic traits in a large population, 3 despite a relatively small number of cases with ASD diagnosis. The findings need to be interpreted in light of several limitations. Firstly, our study was likely to be underpowered to detect the association between ASD diagnosis and the outcomes due to a relatively small number of diagnosed cases. Secondly, despite the population-based sample, it is not possible to rule out selection bias in relation to baseline recruitment or attrition in the sample over time. We attempted to address this by controlling for factors known to be predictive of attrition in ALSPAC and by imputing missing data. The pattern of missing data and imputed analyses suggests that attrition may have led to an underestimation of the size of the association between ASD traits, in particular repetitive behaviour and impaired speech coherence, and suicidal ideation and behaviour. Thirdly, there are limitations in establishing suicidal intent accompanying self-harm, particularly using selfreports which could be influenced by fluctuations in mood or change over time. This could be further compounded in autistic individuals who may experience additional difficulties understanding or responding to such questionnaires.
In summary, this study suggests that children with impairments in social communication are at higher risk for suicidal ideation and behaviour in late adolescence. Depressive symptoms in early adolescence partially explain this association which emphasises the importance of addressing the mental health needs of autistic children. Future research is required to assess whether other modifiable mechanisms could be identified, as these may have the potential to lead to preventative action or interventions against suicidal behaviour in this high-risk group. Censored to prevent disclosure due to small cell counts. Censored to prevent disclosure due to small cell counts. 1.02 (0.60, 1.75), 0.935 Note: * Suicidal self-harm refers to lifetime self-harm with suicidal intent; individuals in this group may also have engaged in episodes of non-suicidal selfharm; a analyses restricted to individuals with complete data on exposure, outcome and confounders; b adjusted for child characteristics (gender and ethnicity), socioeconomic position (financial problems, maternal educational attainment, parental social class, and accommodation type), maternal characteristics and mental health (maternal age, antenatal anxiety, and antenatal and early postnatal depression), family history of suicide (parental suicide attempt); and early adverse experiences (childhood sexual abuse and physical cruelty to children in the household by mother/partner). 1.0 (0.49, 2.02), 0.979 Note: a analyses restricted to individuals with complete data on exposure, outcome and confounders; b adjusted for child characteristics (gender and ethnicity), socioeconomic position (financial problems, maternal educational attainment, parental social class, and accommodation type), maternal characteristics and mental health (maternal age, antenatal anxiety, and antenatal and early postnatal depression), family history of suicide (parental suicide attempt); and early adverse experiences (childhood sexual abuse and physical cruelty to children in the household by mother/partner). 
Indirect effect
Low social cognition on self-harm, through depressive symptoms 0.087 (0.03, 0.14) 0.002 0.081 (0.03, 0.13) 0.001
Direct effect
Low social cognition on self-harm, adjusted for depressive symptoms 0.090 (-0.11, 0.28) 0.372 0.169 (-0.03, 0.37) 0.102 a Analyses restricted to participants with complete exposure, outcome, mediator and confounders b Effect Size: Unadjusted and adjusted regression coefficients (unstandardised); β c Analyses adjusted for child characteristics (gender), socioeconomic position (maternal educational attainment) and maternal characteristics (antenatal anxiety). Note: observed variables are represented by squares, whilst the latent variable is represented by a circle. Covariances are not shown to reduce figure complexity. Paths coefficients in brackets are from the imputed data analysis.
